Three families are reported who have a translocation involving 4pl6.3. Nine subjects are described with the clinical features of the Pitt-Rogers-Danks (PRD) syndrome confirming pre-and postnatal growth failure, microcephaly, severe mental retardation, seizures, and a distinctive facial appearance; a deletion of 4p16.3 was seen in all eight patients studied with fluorescence in situ hybridisation (FISH). Eleven subjects had a new syndrome with physical overgrowth, heavy facial features, and mild to moderate mental handicap; a duplication of the chromosome region 4p16.3 was found in the four subjects studied. It is suggested that the growth abnormalities in these two families may be explained by a dosage effect of the fibroblast growth factor receptor gene 3 (FGFR3), which is located at 4pl6.3, that is, a single dose leads to growth failure and a triple dose to physical overgrowth. We describe the molecular mapping of the translocation breakpoint and define it to within locus D4S43.
FGFR3
In 1984 Pitt, Rogers, and Danks' described four patients, two of them sisters, with a similar clinical picture of severe mental retardation, pre-and postnatal growth failure, and an unusual facial appearance which they suggested was a new autosomal recessive syndrome.
Except for some single case reports,2" little interest has been shown in the Pitt-RogersDanks (PRD) syndrome until Clemens et ar found a microdeletion of 4p1 6.3 in a girl with the syndrome using the probe commercially available for the detection of the WolfHirschhorn (WH) syndrome (Oncor Inc). This finding has been confirmed in five other patients"9 including the two sisters in the original paper.' Clinical details of three unrelated cases have been published8 and the patient reported by Donnai' was shown not to have the 4pl6.3 deletion.'0 Here we present nine patients with the PRD syndrome and a 4pl6. 3 deletion, seven from one family, allowing some enlargement of the clinical picture.
In two of the translocation families there were 11 subjects with a new overgrowth syndrome; four of these were shown to have the alternate segregation product leading to duplication of 4p1 6.3. The short stature and severe mental retardation of those with the PRD syndrome contrasted sharply with the mild to moderate mental retardation and physical overgrowth of those with the 4pl6.3 duplica- retardation associated with low birthweight dwarfism". Dey's focus was on those with severe mental retardation and growth failure, but she recognised that two members of the family had milder mental retardation and normal or tall stature. An updated pedigree is shown (fig 1) which indicates the subjects with these two contrasting syndromes. Family 2 had one boy with the PRD syndrome and three subjects with the overgrowth phenotype ( fig 1) and family 3 had a boy with the PRD syndrome. Those with the same syndrome will be grouped together for description.
SUBJECTS WITH THE PRD SYNDROME Of the nine patients, five were male and four female with ages ranging at last assessment from 6 to 55 years. through a normal puberty but there was little change in her behaviour by the age of 16. IV.7 grew and developed slowly but faster and further than her sister and was able to profit by special schooling. At 6 years of age she was short with microcephaly. She had a rather mournful expression ( fig 5) with the sclera visible below the iris. The nose was prominent, the philtrum short, and the lips full.
II. 9 (1946 (born 1942, died 1984) . This was the first person with overgrowth in family 1 ( fig 1) . He had been admitted to a long stay institution for the mentally retarded at the age of 13 years. He and his brother (II.12) was seen by one of us (GT) in 1971.2 He had an IQ of 44 and was described in the language of the times as "dull and biddable". At the age of 25 he was a tall, well proportioned, well muscled man with broad shoulders, big hands and feet, normal genitalia, abundant pubic hair, and deeply pigmented nipples. He had heavy facial features with a square jaw, big lips, and prominent supraorbital ridges accentuated by bushy eyebrows that met across the midline (fig 8) . Sequential measurements from the institution (table 2) show remarkable increases in height continuing well into adult life. He died from rheumatic heart disease aged 42.
11.12 . He was admitted to the same institution at the age of 13 years. In childhood he had had a left sided empyema and a left diaphragmatic hernia which, years later at necropsy, was found to contain stomach, bowel, and transverse colon. His IQ was 45. He had occasional grand mal seizures and an episode of status epilepticus aged 23. A photograph at the age of 21 (fig 8) taken alongside his brother (II. 1 1) showed a shorter, less well built man with normal body proportions, slight gynaecomastia, normal genitalia, and normal body hair. He had a small head but bushy eyebrows and facial features similar to I.1 1. At the time of admission to the institution, he had short stature probably because of his chronic respiratory disease, but he showed remarkable catch up growth in ado- (table 2) . He died from a perfoheads (except for II. 12), bushy eyebrows with synophrys, rated gastric ulcer at the age of 34. prominant supraorbital ridges, short nose, and short I. 13 (1947) and III.2 (1956) . All the other philtrum.
members of family 1 with the overgrowth syn-13 ( fig 7) he remained in good health but mild drome were seen personally but not in circumproteinuria persisted.
stances where detailed examination was possible. Only sparse historical information was Family 3 obtained. I1.13 had had a difficult childhood The proband (1984) . He was the only child of and little schooling and lived in the community unrelated parents. Coronal hypospadias was on a pension. He was tall with big hands and seen at birth. Between 8 months and 2 years he feet, a big head with prominent supraorbital ridges, and bushy eyebrows that just met across the midline (fig 8) . 111.2 grew rapidly in childhood and at 10 years was said to be the size of a 12 year old. He was in a special class at school and later had occasional employment; he married and had a daughter. He was described by others in the family as a "gentle giant". He was a tall, strong man with a big frame, big hands, a big head with bushy eyebrows (fig 8) , and prominent supraorbital ridges.
I. 8 (1948) had a large head and measurements of his right hand, palm, and foot were above the 90th centile. He had a high arched palate, full lips, a short philtrum, and prominent supraorbital ridges ( fig 7) . He had an orchidopexy at the age of 13 (fig 9A) , that is, one probe signal from locus D4S96 was seen at 4pl6.3 and one signal at chromosome 1q44. All six subjects with the PRD syndrome studied showed hemizygosity for this locus. In the two subjects with the overgrowth syndrome, three hybridisation signals were seen, thus indicating three copies of locus D4S96 (not shown).
In family 2, a normal karyotype had been reported some 15 years previously. Further analysis by high resolution GTG banding showed an abnormal karyotype in the PRD subject: 46,XY,add(4) (p16). A reciprocal translocation was then identified in the patient's mother, aunt, and grandmother ( fig 9B) . The proband showed the unbalanced segregation product of this translocation which resulted in a deletion of chromosome 4pl6 .3 and duplication of chromosome 8p23.1. Two patients in this family with the overgrowth syndrome showed the other unbalanced derivative form of this translocation: 46,XX, der(8)t(4;8)(p16.2;p23.1)mat, that is, duplication of 4epl6.3 and monosomy 8p23.1. Using the probe D4S96, the deletion in the PRD patient ( fig 1OA) and duplication of this locus in the overgrowth patients were confirmed (fig  1 OB) .
In family 3, the PRD patient and his parents showed normal karyotypes on routine GTG banded analysis. The probe D4S96 showed a cryptic translocation (fig 9C) in the father: 46,XY,ish t(4;21) (p 16.3;q22.3) (D4S96-, D4S174+;D4S96+). The mother's karyotype showed no abnormalities. The PRD patient was deleted for one copy of locus D4S96 (fig 10A) . DELETION 
MAPPING
Cosmid probes for loci D4S90, D4S96, FGFR3, D4S43, and D4S180 were applied to a translocation carrier from each family to locate the breakpoints'3 ( fig 11) . Although the breakpoints of the three translocations were different, all shared a common deleted region that included the locus FGFR3 I  I  I  I  I  I  I  I  I  I  I  I   I  I  I  I  I  I  I  I group.bmj.com on January 13, 2018 -Published by http://jmg.bmj.com/ Downloaded from prominent eyes, a small nose, and a wistful expression are characteristic. We suggest that some of the older children described as having the WH syndrome may well be examples of the PRD syndrome (for example, the probands of the two familial cases described by Wilson et The WH sydrome can also result from deletion of a larger segment of 4p. The alternate segregation product then is the trisomy 4p syndrome which has -been well described. Although clinical manifestations may vary from one person to another, the commonest features are short stature, profound mental retardation, and various skeletal anomalies.'I 24 25 This contrasts sharply with the physical overgrowth and only mild to moderate intellectual handicap seen in our two families where the deleted 4pl6.3 had caused the PRD syndrome.
The partial monosomy or trisomy of the other chromosomes involved in each of the translocations we describe did not appear to alter either of the two contrasting phenotypes. Affected subjects were readily identifiable in each of the three families.
The phenotype of this new overgrowth syndrome is comparatively mild and would not have been recognised if affected subjects had been met individually. It was the co-occurrence of the overgrowth in this syndrome with the undergrowth of the PRD syndrome in the same families which brought it to light. Although physical overgrowth was detectable in childhood it became most obvious in late adolescence and early adult life. The growth pattern and physical appearance differed from that seen in the Beckwith-Wiedemann and Simpson-GolabiBehmel syndromes and there were no accompanying major organ malformations. There are some similarities between the facial features found in this syndrome and the autosomal dominant acromegaloid syndrome described by Hughes et af6 but intellectual handicap is not part of that disorder. The Sotos syndrome should be distinguishable clinically. Using the strict criteria suggested by Cole and Hughes,27 we have now tested six patients with this syndrome and have not found a 4pl 6.3 duplication. In practice there are difficulties in diagnosing27 and differentiating28 29 these and other overgrowth syndromes. We believe that a search for a cryptic 4p16.3 duplication is warranted in patients with atypical features of the Sotos syndrome and in those with overgrowth and intellectual handicap where a storage disorder is suspected but not found biochemically.
In families 1 and 2, subjects with the PRD and overgrowth syndromes were found in the same sibship. Transmission of both syndromes was through males and females. It should be stressed that whereas subjects with the PRD syndrome are unlikely to reproduce, those with overgrowth can (for example, III.2, 8, and 9 in family 1). The expectation is that their offspring will be either unaffected or have the overgrowth syndrome, thus mimicking autosomal dominant inheritance.
While different breakpoints of 4p were found in each of our three translocation families, the region deleted or duplicated included the locus for the fibroblast growth factor receptor gene 3 (FGFR3) in all of them. 
